Abstract: Electrically induced reorientation of nematic liquid crystal (NLC) molecules caused by dielectric anisotropy of the material is a fundamental phenomenon widely used in modern technologies. Its Achilles heel is a slow (millisecond) relaxation from the field-on to the field-off state. We present an electro-optic effect in an NLC with a response time of about 30 ns to both the field-on and field-off switching. This effect is caused by the electric field induced modification of the order parameters (EMOP) and does not require reorientation of the optic axis (director).
, where  is the rotational viscosity and 0  is the electric constant. A strong field can realign an NLC rather quickly, within 100 ns [2] . However, a slow relaxation to the field-off state creates a bottleneck. When the field is switched off, the elastic nature of NLC forces n to return to its original orientation set up by the surface treatment of the cell's plates (surface anchoring). The relaxation time of this passive process is determined by the elastic constant K of the NLC and by the thickness d of the cell,
In this work, we demonstrate an electro-optic effect in which both the field-on and fieldoff switching is fast, on the order of nanoseconds and tens of nanoseconds. The effect is based on electrically induced modification of the order parameters (EMOP) of NLCs rather than on the Frederiks reorientation of n . 
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The difference between the two types of electro-optic response is schematically illustrated in Fig.1 , using the concept of the dielectric tensor at optical frequencies (optic tensor).
The two principal components of the optic tensor are ;
These changes should manifest itself in phase retardation of light travelling through the NLC and thus provide the means for electro-optical switching. For example, when the NLC is viewed between two crossed polarizers, the change in phase retardation is converted into a change in light intensity, similar to the Frederiks effect. The principal difference is that the EMOP is a microscopic effect; its response time is determined by the coupling of the optic tensor of an NLC to E . Such a response should be significantly faster than the off time U up to 1 kV with nanosecond rise and fall fronts were generated by a pulse generator HV 1000 (Direct Energy).
Their profile was experimentally determined with an oscilloscope Tektronix TDS 2014 (sampling rate 1GSa/s). The field changes the optic tensor: n is the average of the fluctuating director components along the x -axis that depends on the electric field; the subscripts "E" and "0" indicate whether the value corresponds to the field-on or field-off case respectively. We use a probing light beam that impinges on the NLC cell at 45°; the light is polarized at 45° to the plane of incidence, Fig.2b . The field-induced quantities x  , y  , and z  are small; thus the field-induced effective birefringence can be expanded in the power series, with the linear term corresponding to our set-up:
Because the refractive indices of CCN-47, 
where the subscript " i " should read " u " if the equation describes the uniaxial contribution and "
b " for the biaxial effect; u  and b  are the corresponding relaxation times; u  and b  are the susceptibilities to the applied field. Equation (4) has a general solution
that is used to fit the experimental   n t  . In the integrand, the time dependence   E t of the field acting on the NLC cell is described by a sum of exponential functions The fitting shows that the response   n t  to the voltage change (including the "on" and "off" parts) is well described by the sum of two exponential processes of approximately equal amplitudes but with distinct relaxation times. One process is "slow", with the relaxation time ~30
ns; the second process (dashed line in Fig.3a) is very fast, with a relaxation time ~2 ns or even less (at the limit of our experiment accuracy).
The temperature dependences of u  and b  as one approaches the nematic-to-isotropic phase transition are very different from each other, Fig.3c 
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To summarize, we describe a new electro-optic effect in liquid crystals. We call it an EMOP effect, to stress that the phenomenon is caused by electrically induced modification of the order parameter (optic tensor) rather than by realignment of the director. The main distinctive feature of this effect is an extremely fast, nanoseconds and tens of nanoseconds, response to the electric field. The fast response characterizes both the field-on and field-off stages of switching.
The nanosecond dynamics of the EMOP effect are drastically different from the slow EMOP is a new member of the broad family of the Kerr-type effects, in which the field induced changes of birefringence grow with the square of an applied electric field. The classic Kerr effect is observed in isotropic fluids. Past research has revealed that the Kerr effect is strongly enhanced in the vicinity of the isotropic-to-nematic phase transition [5] [6] [7] [18] [19] [20] [21] . By staging the field-induced changes in the standard nematic and by eliminating the detrimental influence of director fluctuations, we demonstrate record-breaking response times and identify the mechanisms behind the effect, associated with uniaxial and biaxial modifications of the optic tensor. A complete description of the biaxial nematic phase requires four OPs which define the uniaxial and biaxial orders of the long and short molecular axes [22] . Our experiments are well fitted with only two relaxation processes. The reasons might be as follows. First, the relaxation times of some of the four OPs might be similar to each other. Second, the EMOP effect is likely to be affected most strongly by the following two OPs: (i) uniaxial ordering of long molecular axes and (ii) biaxial ordering of short molecular axes. These two OPs are predicted to be dominant in the spontaneous biaxial nematic phase [23, 24] . 
